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(54) Dynamically compensated oblective iens-detectlon device and method 

(57) The invention relates to a charged partide 
beam device and a method for inspecting a specimen, 
conprising a source (1) for generating a charged parti- 
cle beam (2), an objective lens (3) with an optical axis 
(31) for focussing said charged particle beam on a 
specimen (4). which consists of a magnetic lens (32) 
and a superimposed electrostatic lens (33) having at 
least two electrodes, deflection means (5) for deflecting 
said charged particle beam on said specimen and 
detector means (6) for detecting charged particles 
released at said specimen. The invention is further 
characterized by control means (7) co-acting with said 
deflection means (5) and one of the electrodes of the 
electrostatic lens (33) for applying a dynamic voltage to 
said electrode, the amount of the voltage being depend- 
ent on the distance of said charged particle beam from 
said optical axis at the specimen, in order to increase 
the efficiency of detecting said charged particles 

released at image areas being located on the specimen 2 " y////^A^///^ 

with distance from the optical axis. ///// ^ ///////y 
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Description 

[0(M)1] The invention relates to a charged partide 
beam device according to the preamble of claim 1 and 
to a method for inspecting a specimen according to the 
preamble of claim 9. 

[0002] Charged particle beam devices are known 
comprising 



amount of the voltage being dependent on the distance 
of said charged particle beam from said optical axis at 
the specimen. 

[0008] Further improvements and embodiments of the 
5 invention are the subject matter of the subclaims and 
will be explained in greater detail by means of the 
description of some embodiments and the drawing. 
[0009] In the drawing 



a source for generating a charged particle beam. io Fig. 1 



an objective lens with an optical axis for focussing 
said charged particle beam on a specimen which 
consists of a magnetic lens and a superimposed 
electrostatic lens having at least two electrodes. 

- deflection means for deflecting said charged parti- 
cle beam on said specimen 

and detector means for detecting charged particles 
reles^sed at said specimen. 

[0003] By using a combination of a magnetical single 
pole lens and an electrostatic retsu'ding field lens excel- 
lent low axial aberration coeffidents and correspond- 
ingly high axial resolution can be achieved. However, 
those lenses have a limited image field, in which uniform 
image brightness and high optical performance can be 
achieved. 

[0004] In secondary electron microscopes the sec- 
ondary electrons and/or backscattered electrons 
released by the primary electron beam are detected, 
whereby preferably in-lens detectors and/or pre-lens 
detectors are used. Known arrangements are 

- off-axial detectors, partially using a beam deflector. 

axial detectors with a rotational symmetry or 
divided into segments, 

- or detectors having means for influendng the 
released partides. 

[0005] However, the image quality of these known 
arrangements becomes worse with increasing image 
field size. 

[0006] It is. therefore, an object of tiiis invention to pro- 
vide a charged particle beam device according to the 
preamble of daim 1 or a metiiod for inspecting a speci- 
men according to tiie preamble of claim 9 which has an 
inrproved effidency of detecting charged particles 
released at image areas being located on the specimen 
with a distance from the optical axis. 
[0007] This object is solved by the characterizing fea- 
tures of claims 1 and 9. According to the invention there 
are control means co-acting with the deflection means 
and one of the electrodes of the electrostatic lens for 
applying a dynamic voltage to said electrode, the 
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Fig.2 



shows a schematic view of a charged particle 
beam device according to the present inven- 
tion, 

shows a schematic view of a secorKi emt)odi- 
ment and 



Fig.3 a schematic view of a third emt>odiment. 

[0010] Rg .1 shows a charged particle beam device 
20 comprising 

a source 1 for generating a charged particle beam 
2. 



an objective lens 3 with an optical axis 31 for 
focussing said charged particle beam 2 cot a speci- 
men 4. tiie objective lens 3 consists of a magnetic 
lens 32 and a superinposed electrostatic lens 33 
having two electrodes 33a, 33b, 

deflection means 5 for deflecting said charged par- 
ticle beam 2 on said specimen 4 

and detector means 6 for detecting charged parti- 
des released at said specimen. 



[0011] The objective lens 3 is a retarding field lens. 
Accordingly, electrodes 33a and 33b of the electrostatic 
lens 33 are supplied with different potentials U^. U2 in 
40 such a way tiiat the charged partide beam 2 is deceler- 
ated from a first to a lower second energy in the field of 
the electrostatic lens 33. 

[001 2] Furthermore, there is a control means 7 co-act- 
ing with said deflection means 5 and electrode 33b of 

45 the electrostatic lens 33 for applying a dynamic voltage 
Uoyn to electrode 33b. The amount of voltage Uoyn 
being dependent on the distance D of said charged par- 
ticle beam from said optical axis 31 at the specimen. 
The control means 7 receives the information of the dis- 

50 tance D from the deflection means 5. 

[001 3] Therefore, the controlled electrode 33b is sup- 
plied with voltage U2 and the additional voltage Upyn. 
[0014] The experiments of the present invention have 
shown that it is possible to Increase significantiy the effi- 

55 dency of detecting said charged particles released at 
image areas being located on the spedmen with dis- 
tance from the optical axis. In the center of tiie image 
field, i.e. in the optical axis, the voltage Uoyn is zero. Its 
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amount increases with increasing distance D from the 
optical axis. A good first order approximation for the 
additional voltage Uoyn is that its amount increases 
quadratically with the distance D from the optical axis. 
The exact voltage, however, depends on details of lens 5 
design and lens geometry. Typical values of voltage 
Upyn for image fields of approximately 5 mm may go up 
to several tens or hundreds of volts. But also higher or 
lower values are possible. 

[001 51 By applying the additional voltage Uoyn to one 10 
of the electrodes of the electrostatic lens, it is possible 
to act very quicWy according to the primary beam posi- 
tion. This additional voltage has a positive influence on 
the secondary particles released at the specimen 
because the shading of off-axial image areas is is 
reduced. 

[0016] This additional voltage has no negative influ- 
ence on the primary beam performance. Image resolu- 
tion of off-axial primary beam positions Is not reduced 
but even increased. 20 
[001 7] While Fig. 1 discloses a conventional pole piece 
magnetic lens, Fig.2 shows a single pole magnetic lens 
32'. However, all other features, especially control 
means 7 coacting with d^iection means 5 and elec- 
trode 33b are identical. 2s 
[0018] In the case that the electrostatic lens 33 con- 
sists of two electrodes 33a, 33b, the additional voltage 
Uoyn is preferably supplied to the lower electrode On the 
direction of the particle beam 2). 

[0019] In the embodiment according to Fig.3. the 30 2. 
specimen 4 is part of the electrostatic lens and defines 
the controlled electrode to which the additional voltage 
Uoyn is preferably supplied. 

[0020] In the case that the electrostatic lens consists 3. 
of three electrodes, the additional voltage Uoyn is pref- 35 
erably supplied to the lowest or the center electrode. 
However, also the other electrodes or the sample can 
be supplied with the additional voltage. 
[0021] The deflection means is either formed by a 4. 
magnetical or electrostatical scan system or a com- 40 
bined electrostatic/magnetical scan system. The deflec- 
tion means are formed by single stage, double 
deflection systems or even higher stage systems. 5. 
[0022] The detector 6 in Rg.1 Is preferably a pre-lens 
or an in-lens detector. The additional dynamic voltage 4S 
influences the secondary or backscattered particles 
released off-axial at the specimen by bending them 6. 
inside the lens. The escaping bundle of the secondary 
particles will leave the objective lens more axial and can 
reach the in-lens or pre-lens detector without being so 
absorbed or attenuated. This effect reduces the bright- 7. 
ness shading signif ically 

Claims 

55 

1 . Charged particle beam device comprising 8. 
- a source (1) for generating a charged partide 



beam (2), 

- an obj ective I ens (3) with an optical axis (3 1 ) for 
focussing said charged particle beam (2) on a 
specimen (4). which consists of a magnetic 
lens (32) and a superimposed electrostatic 
lens (33) having at least two electrodes (33a. 
33b), 

• deflecting means (5) for deflecting said 
charged particle beam on said specimen (4) 

- and detector means (6) for detecting charged 
particles released at said specimen, 

characterized by 

control means (7) co-acting with said deflection 
means (5) and one of the electrodes (33b) of 
the electrostatic lens (33) for applying a 
dynamic voltage (Uoyn) to said electrode (33b), 
the amount of said voltage being dependent on 
the distance (D) of said charged particle beam 
from said optical axis at the specimen, in order 
to increase the efficiency of detecting said 
charged particles released at image areas 
being located on the specimen with distance 
from the optical axis. 

Charged particle beam device according to claim 1 . 
characterized in that the objective lens is a retard- 
ing field lens. 

Charged particle beam device according to claim 1 , 
characterized in that the second electrode (33b) in 
the direction of the charged particle beam (2) is 
supplied with the dynamic voltage (Uoyn). 

Charged particle beam device according to claim 1 . 
characterized in tiiat the controlled electrode is 
formed by the specimen (4). 

Charged particle beam device according to claim 1 . 
characterized in that the deflection means is formed 
by a magnetical scan system. 

Charged particle beam device according to claim 1 . 
characterized in that the deflection means is formed 
by an electrostatical scan system. 

Charged particle beam device according to claim 1 , 
characterized in that the deflection means is formed 
by a combined electrostatic/magnetical scan sys- 
tem. 

Charged particle beam device according to one of 
the former claims characterized in that the deflec- 
tion means has one or more stages. 
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9. Method for inspecting a spedmen connprising the 
following steps: 

generating a charged particle beam (2), 

5 

focussing said charged particle beam (2) on a 
specimen with an objective lens with an optical 
axis consisting of a magnetic lens and a super- 
imposed electrostatic lens having at least two 
. electrodes. 

deflecting said cheu-ged particle beam on said 
specimen and 

- detecting charged particles released at the is 
specimen. 

characterized by 

applying a dynamic voltage (Uoyn) to an elec- 20 
trode (33b) of the electrostatic lens, the amount 
of the voltage depending on the distance (D) of 
said charged particle beam from the optical 
axis at the specimen in order to increase the 
efficiency of detecting said charged particles 2s 
released at image areas being located on the 
specimen with distance from the optical axis. 

10. Method according to claim 9. characterized In that 
the dynamic voltage (Uoyn) is increased guadrati- 30 
cally with the distance (D) of the charged particle 
beam from the optical axis 31 . 
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Fig. 2 
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